Polycystic ovary syndrome is the most common cause of anovulatory infertility. Anovulation in polycystic ovary syndrome is characterized by the failure of selection of a dominant follicle with arrest of follicle development at the 5-10 mm stage. In an attempt to elucidate the mechanism of anovulation associated with this disorder we have investigated at what follicle size human granulosa cells from normal and polycystic ovaries respond to LH.
mm. In contrast, granulosa cells from anovulatory women with polycystic ovaries responded to LH in smaller follicles of 4 mm. Granulosa cells from anovulatory women with polycystic ovaries were significantly more responsive to LH than granulosa cells from ovulatory women with normal ovaries or polycystic ovaries (E 2 , P Ͻ 0.0003; P, P Ͻ 0.03). The median (and range) fold increase in estradiol and progesterone production in response to LH in granulosa cell cultures from size-matched follicles 8 mm or smaller were E 2 , 1.0 (0.5-3.9) and P, 1.0 (0.3-2.5) in ovulatory women and E 2 , 1.4 (0.7-25.4) and P, 1.3 (0.3-7.0) in anovulatory women.
Granulosa cells from anovulatory (but not ovulatory) women with polycystic ovaries prematurely respond to LH; this may be important in the mechanism of anovulation in this common endocrinopathy. (J Clin Endocrinol Metab 83: 3984 -3991, 1998) P OLYCYSTIC ovary syndrome (PCOS) is a common endocrine disorder associated with hyperandrogenemia, infertility, and insulin resistance (1) . Although this syndrome is the most common cause of anovulatory infertility, the mechanism of anovulation remains an enigma. It has become apparent, however, that hyperinsulinemia and insulin resistance are features of anovulatory women with polycystic ovaries and not equally of hyperandrogenemic, weightmatched ovulatory women with normal ovaries or polycystic ovaries (2) (3) (4) (5) . The possibility, therefore, exists that insulin may be involved in the mechanism of anovulation associated with PCOS. This hypothesis is supported by several clinical observations, in particular the detrimental effects of obesity (itself associated with insulin resistance) on fertility in women with polycystic ovaries.
Obese women with polycystic ovaries are more likely to be anovulatory and experience menstrual disturbance, and are less likely to ovulate in response to clomiphene citrate or gonadotropin administration despite similar increases in FSH than their lean counterparts (6 -8) . Conversely, improvement in the insulin status of anovulatory women with PCOS by weight loss, accompanied by a reduction in insulin levels, or insulin-lowering drugs can lead to a resumption of ovulatory cycles and fertility in some patients (9 -12) .
We have previously shown that despite peripheral insulin resistance in women with PCOS, the polycystic ovary remains responsive to insulin (in terms of steroidogenesis) and that insulin acts via its own receptor rather than the type I insulin-like growth factor receptor (13, 14) . Preincubation with insulin sensitizes human granulosa cells to LH, greatly enhancing granulosa cell progesterone (P) production in response to LH stimulation (14) . This suggests enhanced granulosa cell differentiation by insulin in vitro (14) . We propose, therefore, that hyperinsulinemia in anovulatory women with PCOS may lead to premature maturation of granulosa cells in vivo.
If this hypothesis is correct, granulosa cells from anovulatory women with polycystic ovaries (anovPCO) may respond to LH at an earlier stage of development than granulosa cells from ovulatory women with polycystic ovaries (ovPCO) or normal ovaries (since hyperinsulinemia is associated with anovulation in women with polycystic ovaries).
Hence, the aims of this study were 1) to determine at what follicle size human granulosa cells from normal ovaries and polycystic ovaries respond to LH in terms of steroid production in vitro, and 2) to compare the response to LH in granulosa cells from anovulatory women with polycystic ovaries with that in ovulatory women with either normal or polycystic ovaries.
Subjects and Methods
Ovarian tissue was obtained from 23 women [10 with normal ovaries (N), 10 ovPCO, and 3 anovPCO)] undergoing bilateral oophorectomy for nonovarian disease. Details of each patient's age, body mass index, ovarian morphology, menstrual cycle history, indication for surgery, follicle sizes used in the study, and serum hormone concentrations are given in Table 1 . No patient had been receiving treatment for suppression or stimulation of the ovaries for at least 3 months before surgery. Approval for the use of ovarian tissue in this study was obtained from Kensington, Chelsea, and Westminister Health Authority ethical committees and the research ethics committee of the Faculty of Medicine and Surgery of the University of Malta.
Polycystic ovaries were defined on the presence of 3 or more of the following criteria: enlarged ovarian volume (Ͼ9 mL), 10 or more follicles of 2-8 mm in diameter, and increased density and volume of stroma or a thickened tunica (15) . Patients with polycystic ovaries and a history of oligomenorrhea or amenorrhea and whose ovaries contained no recent corpora lutea were designated anovulatory, and those patients with regular cycles and recent corpora lutea were designated ovulatory.
The number and size range of follicles used in the study were: 25 follicles 13 mm or smaller and four preovulatory follicles from normal ovaries, 62 follicles 12 mm or smaller and two preovulatory follicles from ovPCO, and 35 follicles 8 mm or smaller from anovPCO.
Granulosa cell cultures
Granulosa cells were isolated and cultured as previously described (14) . Briefly, granulosa cells from individual follicles greater than 4 mm were cultured separately, and follicles 4 mm or smaller from individual patients were pooled, except in the case of two 3.5-mm and five 4-mm follicles from which sufficient cells were obtained to be cultured separately. Where granulosa cell number permitted, cells were plated at 5 ϫ 10 4 viable cells/well in 200 L serum-free medium 199 supplemented with antibiotics (penicillin and streptomycin) and 200 mmol/L glutamine (Life Technologies, Paisley, Scotland), and experiments were performed in triplicate. In the majority of experiments, when insufficient cells were obtained to achieve this, we used a reduced plating density in duplicate or, if necessary, singleton wells.
The granulosa cells were incubated with LH (5 ng/mL) or, as a positive control, FSH (5 ng/mL) in the presence of 5 ϫ 10 Ϫ7 mol/L testosterone, as aromatase substrate, for 48 h. When the number of granulosa cells in a single follicle was sufficient (as in dominant or preovulatory follicles) additional doses of LH and FSH (0.625-10 ng/mL) were tested. FSH concentrations of 2.5 and 5 ng/mL were commonly used because in previous studies these were found to give maximal estradiol (E 2 ) responses (16) . Gonadotropin preparations were highly purified human pituitary FSH (Ͻ16 IU LH/mg) and LH (Ͻ7 IU FSH/mg) supplied by Dr. S. Lynch of Endocrine Services (Bidford on Avon, UK). At the end of the 48-h incubation, the medium was removed and stored at Ϫ20 C until measurement of E 2 and P by RIA as previously described (14) . Viable granulosa cell number was assessed using the trypan blue exclusion test after isolation and in some cases at the end of the incubation period using a commercially available kit (CellTiter 96 nonradioactive cell proliferation assay, Promega Corp., Southampton, UK).
Where experiments were conducted in triplicate wells, the results are shown as the mean and se of these triplicates. In these experiments, if error bars are not visible, the errors are contained within the mean bar. When comparing the response of granulosa cells to gonadotropins in multiple patients, statistics were performed using Student's t test, Wilcoxon signed rank test, and Mann-Whitney U test as appropriate. Significance was assumed when P Ͻ 0.05. Meno, Menorrhagia; PP, pelvic pain; PID, pelvic inflammatary disease; Endo, endometrious. A fasting serum insulin concentration less than 10 mU/L was considered normal (5).
a One ovary only.
Follicular fluid steroid levels
Follicular fluid E 2 and androstenedione concentrations were determined in some follicles to assess the health of the individual follicles. These were determined using the same RIAs as those employed for the determination of steroid levels in the culture medium and were previously described in detail (14, 17) .
Serum hormone measurements
Serum LH and FSH levels were measured using a commercially available kit from Chelsea Kits, Division of Molecular Endocrinology, Hammersmith Hospital (London, UK) (17a). Fasting serum insulin levels were determined by RIA as previously described (5) . The assay used a polyclonal antibody to insulin that cross-reacts with proinsulin (100%) and C peptide (3.8%).
Results
Two major findings were apparent from this study. The first was the marked difference in basal steroid production and the magnitude of the response to gonadotropins between granulosa cells obtained from different follicles of the same patient. The second finding was that granulosa cells from follicles 8 mm or smaller from anovulatory women with polycystic ovaries were significantly more responsive to LH than granulosa cells from size-matched follicles from ovulatory women with either normal ovaries or polycystic ovaries. In anovPCO women, follicles 4 mm or larger contained granulosa cells responsive to LH, whereas in ovulatory women with normal ovaries or polycystic ovaries, follicles were responsive to LH only when they had reached a size of 9.5 mm or larger.
Normal ovary
The effect of gonadotropin treatment on E 2 production by granulosa cells isolated from a range of follicle sizes from 6 of the 10 patients with normal ovaries is shown in Figs. 1 and 2.
Small antral follicles (Յ9 mm)
In granulosa cells isolated from small antral follicles (Յ9 mm) from normal ovaries and then cultured in vitro, 16 of 20 cultures responded to FSH. FSH, as expected, significantly stimulated E 2 [median (range) fold increase, 2.0 (0.7-3.4); P Ͻ 0.002] and P accumulation [median (range) fold increase, 2.5 (0.3-5); P Ͻ 0.003]. There was no effect of LH treatment on either E 2 or P production in these granulosa cell cultures (E 2 , P Ͼ 0.9; P, P Ͼ 0.4). Figures 1 and 2 show the effect of LH and FSH on E 2 and the corresponding P accumulation, respectively, in granulosa cell cultures from a range of follicle sizes from women with normal ovaries. Figures 1i and 2i illustrate the data obtained from granulosa cells pooled from 1.5-, 2-, and 3-mm follicles (a); from a 5-mm follicle (b); and from a 7-mm follicle (c) all isolated from the same patient with normal ovaries who was in the midfollicular phase of her menstrual cycle. There was no effect of gonadotropins on steroid levels in granulosa cell cultures from 1.5-, 2-, and 3-mm follicles. As expected, FSH augmented E 2 ( Fig. 1i) and P (Fig. 2i ) accumulation in granulosa cells from the 5-and 7-mm follicles. As the 7-mm follicle was the dominant follicle, more cells were obtained in which to study gonadotropin action, and FSH and LH were tested at two concentrations (2.5 and 5 ng/mL). FSH dose-dependently stimulated E 2 and P production, whereas there was no effect of LH on steroidogenesis at either concentration tested (only data for the 5 ng/mL dose are shown in Figs. 1i and 2i) .
There was no effect of LH on steroid production in granulosa cells from 7.5-, 8-, or 9-mm follicles (Figs. 1ii and 2ii, 1iii and 2iii, and 1iv and 2iv, respectively) from normal ovaries, but as expected, FSH enhanced steroid levels in these cell cultures.
Antral follicles (Ͼ9 mm)
Six follicles larger than 9 mm were obtained from normal ovaries (one 10 mm, one 13 mm, and four preovulatory follicles). In granulosa cell cultures from follicles 10 and 13 mm in diameter, both FSH and LH augmented E 2 (Fig. 1, v and vi, respectively) and P (Fig. 2, v and vi, respectively) accumulation. Results obtained for the preovulatory follicles are shown below, together with those obtained from preovulatory follicles from ovPCO.
Ovulatory polycystic ovaries
As expected, more follicles were obtained from ovPCO than from normal ovaries; hence, a wider range of follicle sizes was available for study. Granulosa cells from ovPCO had a similar response to gonadotropins as granulosa cells from normal ovaries. Figure 3 illustrates the effects of LH and FSH on E 2 production in granulosa cells isolated from a range of follicle sizes obtained from three ovulatory patients with polycystic ovaries. The corresponding data for P accumulation in these granulosa cell cultures are shown in Fig. 4 . Figures 3i and 4i illustrate the response to gonadotropins in granulosa cells from a range of follicle sizes obtained from the same patient. It highlights the range of basal and gonadotropin-stimulated steroid levels in granulosa cell cultures from follicles isolated from the same patient.
Small antral follicles (Յ9 mm)
In granulosa cells from follicles 9 mm or smaller from ovPCO, 42 of 47 responded to FSH with a significant increase in E 2 [median (range) fold increase, 2.7 (0.8 -25.0)] and P accumulation [median fold (range) increase, 3.7 (0.6 -31.5)] above basal levels in the cell cultures (E 2 , P Ͻ 0.0001; P, P Ͻ 0.001). Although a granulosa cell response to LH was observed in two of these follicles, there was no significant effect of LH on steroidogenesis in granulosa cell cultures obtained from follicles 9 mm or smaller (E 2 , P Ͼ 0.8; P, P Ͼ 0.9).
Antral follicles (Ͼ9 mm)
Nine follicles larger than 9 mm were obtained from ovulatory polycystic ovaries (three 9.5-mm, one 10-mm, three 12-mm, and two preovulatory follicles). The granulosa cells from all three of the 9.5-mm follicles (obtained from different patients) significantly responded to FSH and LH (Figs. 3ii and 4ii) . In Figs. 3ii and 4ii , the data were pooled from three individual experiments in which granulosa cells were isolated from three 9.5-mm follicles obtained from different patients to highlight the significance of granulosa cells acquiring the ability to respond to LH once follicles reach 9.5 mm in diameter in ovulatory women with polycystic ovaries. The only 10-mm follicle obtained from an ovulatory woman with polycystic ovaries was presumed to be atretic; it had few granulosa cells, associated with low basal steroid production, and did not respond to either gonadotropin (data not shown). This patient had been in the midluteal phase of her menstrual cycle; therefore, her ovary would not have been expected to contain a healthy 10-mm follicle.
The responses of granulosa cells from three 12-mm follicles obtained from different patients were varied. One, from a patient in the late follicular phase of her menstrual cycle, appeared to be a healthy dominant 12-mm follicle. This follicle was considered healthy because it was well vascularized and contained 1,000,000 granulosa cells, and the follicular
FIG. 2. Effects of LH (L) and FSH (F) at
5 ng/mL on P accumulation in granulosa cell cultures from six different ovulatory patients with normal ovaries. The data are the P data for the granulosa cell cultures shown in Fig. 1 .
FIG. 3. Effects of LH (L) and FSH (F) at
5 ng/mL on E 2 production in granulosa cell cultures from ovulatory patients with polycystic ovaries. The data in i, a-l, were obtained from the same patient. In ii, the data were pooled from three experiments in three different patients to show the significant effect of LH at this stage in development (9.5 mm), and the data in iii were obtained from a 12-mm follicle from a single patient. The follicle size from which the granulosa cells were isolated is shown at the top of each graph. C, Control wells (cells treated with testosterone alone) *, P Ͻ 0.05. fluid was estrogen dominant (18, 19 ) (E 2 , 3.11 mol/L; androstenedione, 0.8 mol/L). In granulosa cell cultures from this healthy dominant follicle, LH augmented E 2 and P accumulation (Figs. 3iii and 4iii, respectively) .
In the other two 12-mm follicles, FSH, but not LH, augmented E 2 production. However, LH-stimulated P accumulation in one of these cultures. Although these two 12-mm follicles were the largest follicles obtained in each patient, they did not appear to be healthy dominant follicles; they contained relatively few granulosa cells (300,000 and 600,000), and the follicular fluid was androgen dominant in both follicles (E 2 , 0.03 and 0.02 mol/L; androstenedione, 11 and 12 mol/L, respectively).
Preovulatory follicles from N ovaries and ovPCO
In total, six preovulatory follicles were obtained for investigation. In four of six follicles (three N and one ovPCO), FSH and LH stimulated both E 2 and P accumulation in the granulosa cell cultures (Fig. 5, i and ii) . In the other two preovulatory follicles (one N and one ovPCO), FSH and LH augmented granulosa cell P accumulation only and had no effect on E 2 accumulation above the already high basal E 2 levels [E 2 ( Fig. 5iii) and P (Fig. 5iv) ].
Anovulatory polycystic ovaries
Ovarian tissue was obtained from three anovulatory women with PCOS. Two of the patients were hyperinsulinemic, as judged by the fasting serum insulin concentration (Table 1 ) (5). Figures 6 and 7 illustrate the effects of LH and FSH on steroid production in granulosa cells obtained from a range of individual follicle sizes from two of the three anovulatory patients with polycystic ovaries. Figures 6i and  7i show data from follicles 4 mm or smaller from one patient, whereas Figs. 6ii and 7ii show results from follicles larger than 4 mm from a second patient. As seen previously in N and ovPCO groups, there was a wide range of basal and gonadotropin-stimulated steroid levels among follicles from the same patient. Although some of the follicles were presumed to be atretic (with low granulosa cell number and low basal steroid levels that were not augmented by FSH or LH; Fig. 6 , ib, iic, and iid), the proportion of atretic follicles in the anovPCO was similar to that in N ovaries, in that 22 of the 28 granulosa cell cultures responded to FSH. The median (range) fold increases in E 2 and P accumulation above the control values in response to FSH were 1.4 (0.3-22.9) and 1.5 (0.3-25.2), respectively.
As observed in ovulatory subjects, granulosa cells from follicles smaller than 4 mm from anovulatory women responded to FSH but not LH (Fig. 6i) . However, in marked contrast to the results obtained in ovaries from ovulatory subjects, granulosa cells isolated from 4-to 8-mm follicles from anovulatory women with polycystic ovaries that responded to FSH also responded to LH (Figs. 6 and 7) . Analysis of responses in all follicles Յ8 mm from anovPCO showed that FSH and LH significantly stimulated E 2 (FSH, P Ͻ 0.01; LH, P Ͻ 0.03) and P (FSH, P Ͻ 0.0001; LH, P Ͻ 0.02) accumulation.
Interestingly, granulosa cells isolated from the four largest follicles from one anovulatory patient (two 7.5-mm follicles and both of her 8-mm follicles) had a response to gonadotropin stimulation similar to that seen in two of the preovulatory follicles described above. There was no effect of LH or FSH on E 2 production (Fig. 6ii, h-k) , but both gonadotropins augmented P accumulation in these same cultures (Fig. 7ii,  h-k, respectively) , further suggesting that granulosa cells in anovPCO may be prematurely advanced in their development.
Comparison of the response to LH in granulosa cells from ovulatory and anovulatory women
The effect of LH on granulosa cell steroidogenesis in ovulatory women (normal and polycystic ovaries) was compared to that in anovulatory women (with polycystic ovaries) in all FSH-responsive granulosa cell cultures from follicles 8 mm or smaller (as the maximum follicle size obtained from anovPCO was 8 mm in this study). The groups were matched for follicle size.
The responses to LH (expressed in terms of fold increase
Effects of LH (L) and FSH (F) at 5 ng/mL on P accumulation in granulosa cell cultures from ovPCO. The data in i, a-l, were obtained from the same patient. The data are the P data for the granulosa cell cultures shown in Fig. 3 . *, P Ͻ 0.05.
in steroid production) were pooled from the results in all ovulatory women (whether normal ovaries or ovPCO) and compared to the responses to LH in granulosa cell cultures from anovPCO. The median and range fold increases in E 2 and P production in response to LH (5 ng/mL) are shown in Table 2 . Granulosa cells from follicles 8 mm or smaller from anovPCO were significantly more responsive to LH than granulosa cells from size-matched follicles from ovulatory women with normal ovaries or polycystic ovaries (E 2 , P Ͻ 0.0003; P, P Ͻ 0.03). In summary, in ovulatory subjects, granulosa cells begin to respond to LH when healthy follicles reach 9.5/10 mm in diameter. In contrast, in anovPCO, granulosa cells from follicles as small as 4 mm respond to LH. Granulosa cells from follicles 8 mm or smaller from anovPCO were significantly more responsive to LH than granulosa cells from sizematched follicles from normal ovaries or ovPCO.
Discussion
This is the first report that provides evidence to support the suggestion that granulosa cells from anovulatory women with PCOS are at a prematurely advanced stage of development. Granulosa cells from anovPCO were significantly more responsive to LH than granulosa cells from sizematched follicles from normal and ovPCO. Hence, the premature response to LH is associated with anovulation in women with PCOS and not the polycystic ovarian morphology per se.
To our knowledge this is also the first study documenting the steroid responses to LH in individual follicles in the human ovary. A clear, developmentally regulated response to LH was observed in human granulosa cells, consistent with previous studies (20 -24) , but we also showed that granulosa cells were able to respond to LH in ovulatory subjects (normal and polycystic ovaries) once follicles reached 9.5/10 mm in diameter.
Marked differences in basal steroid production and the magnitude of response to gonadotropins among cultures of granulosa cells obtained from different follicles of the same ovary were observed. This finding was anticipated because individual follicles in the same ovary are likely to be at varying stages of development or atresia. This is an important concept in follicle selection. It is generally assumed that at the time of selection, only one follicle is selected in humans because that follicle is at a slightly more advanced stage of development than other follicles in its cohort (25) . Despite the observed variations in basal steroid levels and in the responsiveness to gonadotropins within patients, we found that granulosa cells from anovPCO women with polycystic ovaries were significantly more responsive to LH than granulosa cells from ovulatory women with normal ovaries or polycystic ovaries. In anovulatory women with polycystic ovaries, granulosa cells from follicles as small as 4 mm responded to both FSH and LH. Granulosa cells from anovulatory women with polycystic ovaries were significantly more responsive to LH than granulosa cells from size-matched follicles 8 mm or smaller from ovulatory women with normal or polycystic ovaries. This adds force to the argument that granulosa cells in anovPCO are at a prematurely advanced stage of development.
We propose that raised insulin levels in anovulatory women with polycystic ovaries may be a major factor causing premature maturation of granulosa cells in vivo, as we have previously shown in vitro that insulin increases the ability of granulosa cells to respond to LH (14) . Hillier has suggested that the follicle requires LH throughout its development, but if LH levels are raised above a certain threshold level, premature luteinization may be initiated (the so-called ceiling hypothesis) (26) . LH levels that are inappropriately high for the stage of follicle development have been shown to be detrimental to subsequent follicle maturation and ovulation (26 -29) . Premature exposure of granulosa cells to LH inhibits their proliferation, such that development of the dominant follicle is arrested (26, 30 -32) . Furthermore, in normal follicle development, once granulosa cells can respond to LH (i.e. gain LH receptors) at 9.5-10 mm, they only undergo two more cell divisions to reach the preovulatory, 20 -25 mm stage (33) . In the anovPCO, granulosa cells were responsive to LH in follicles as small as 4 mm in diameter. Therefore, if the cells can only undergo two more divisions, they would
Effects of LH (L) and FSH (F) at 5 ng/mL on E 2 (i and iii) and P (ii and iv) production in granulosa cell cultures from preovulatory follicles. i and ii are the pooled data from four preovulatory follicles in which LH and FSH stimulated E 2 production. iii and iv are the pooled data from two preovulatory follicles in which LH and FSH had no effect on E 2 production. C, Control wells (cells treated with testosterone alone). *, P Ͻ 0.05.
be expected to reach a maximum size of around 8 -10 mm (33) .
A balance between FSH and LH is required for follicle development and ovulation (26) . In anovulatory women with polycystic ovaries, raised insulin levels may upset this balance by sensitizing granulosa cells to the effects of LH. Administration of clomiphene citrate and exogenous FSH in ovulation induction programs may then redress the balance in favor of FSH (either by increasing the FSH/LH ratio or reaching a threshold level of FSH). This is supported by studies in rat granulosa cells where a FSH/LH ratio of 2 or less increased E 2 production but had no effect on proliferation. However, increasing the FSH level to a FSH/LH ratio of 3 or larger stimulated granulosa cell proliferation (34) .
As with all biochemical markers of PCOS, there are exceptions to the general trend that anovulatory women with PCOS are hyperinsulinemic; some anovulatory women with PCOS have normal serum insulin levels (5) . The cause of anovulation in these patients is therefore not easy to explain on the basis of insulin action on the follicle. Such patients may, however, have a raised serum LH level (35) , and therefore, it is possible that there is an interaction between insulin and LH such that either a raised insulin (and normal LH) or a raised LH (and normal insulin) level can lead to premature arrest of follicle growth and thus anovulation. Hyperandrogenemia in women with PCOS may also exacerbate the effects of insulin and LH. Androgens augment FSH-induced granulosa cell cAMP production and differentiation (36, 37) . Raised insulin, LH, and androgen concentrations may, therefore, all have a role in prematurely advancing granulosa cell differentiation.
With a heterogeneous syndrome such as PCOS, there may be several causes of anovulation. The mechanism of anovulation proposed here may be relevant to hyperinsulinemic women with polycystic ovaries. Other mechanisms that have been suggested are inhibitors of aromatase or FSH, i.e. 5␣-androstane-3,17-dione or the insulin-like growth factor-binding proteins (38, 39) .
In conclusion, the data presented here suggest that granulosa cell differentiation is prematurely advanced in anovulatory women with PCOS. This may contribute to the mechanism of anovulation in these women. It is proposed that hyperinsulinemia, by increasing the response of granulosa cells to LH, amplifies the effects of LH (which may already be elevated in these women). Thus, the effect of LH on the maturing follicle is similar to that which, in the normal cycle, is exerted only at later stages of development. This may lead to premature differentiation of granulosa cells, as high levels of LH inhibit granulosa cell proliferation and promote granulosa cell steroidogenesis and differentiation (26, 31, 32) .
